Abstract.-Predictions made by previous allometnc analyses of the relationship between popula tion density and body mass were tested using data on ecological density of 987 terrestrial mammal populations. The relationship is not log-log linear as previously postulated. Only popu lations of mammals with body mass between 0.1 and 100 kg had allometnc exponents ap proaching the value of -0.75 proposed by previous studies. Different trophic groups showed divergent relationships between density and body mass. Previous global analyses have disagreed with relationships between density and body mass in individual communities partly because of this nonlinearity. Analyses of 45 mammalian communities show positive, negative, or even no relationship between density and body mass, depending on the trophic groups and body sizes of community members and the range of sizes. Population energy use is inequitably partitioned among populations, with populations oflarge mammals using more than 100 times more energy than the small est mammals. Herbivorous mammals can use 25 times the energy used by carnivores, and populations of small insectivores use only 10% of the energy used by other carnivores of equivalent body mass.
Abstract.-Predictions made by previous allometnc analyses of the relationship between popula tion density and body mass were tested using data on ecological density of 987 terrestrial mammal populations. The relationship is not log-log linear as previously postulated. Only popu lations of mammals with body mass between 0.1 and 100 kg had allometnc exponents ap proaching the value of -0.75 proposed by previous studies. Different trophic groups showed divergent relationships between density and body mass. Previous global analyses have disagreed with relationships between density and body mass in individual communities partly because of this nonlinearity. Analyses of 45 mammalian communities show positive, negative, or even no relationship between density and body mass, depending on the trophic groups and body sizes of community members and the range of sizes. Population energy use is inequitably partitioned among populations, with populations oflarge mammals using more than 100 times more energy than the small est mammals. Herbivorous mammals can use 25 times the energy used by carnivores, and populations of small insectivores use only 10% of the energy used by other carnivores of equivalent body mass.
Ecologists have long been interested in explaining patterns in species abun dance and the partitioning of resources among individuals, populations, and com munities (Elton 1927; Mohr 1940; Lindeman 1942; Andrewartha and Birch 1954; Hutchinson 1959; Brown 1981) . Although these patterns are undoubtedly related, in part, to particular adaptations of species (Harvey and Pagel 1991) , a significant fraction of the worldwide variation in animal abundance is correlated with individ ual body mass (Brown 1984; Damuth 1987; Brown and Maurer 1989) . This general allometric relationship between animal population density (D) and body mass (M) has assumed a central role in our understanding of the distribution and abundance of organisms (Brown and Maurer 1989; Lawton 1990 ). Knowledge of this general relationship has evolved over the last 50 yr (see, e.g., Mohr 1940; Damuth 1981 Damuth , 1987 Peters and Wassenberg 1983; Peters and Raelson 1984; Robinson and Redford 1986; Lawton 1989 Lawton , 1990 and is now of critical importance in the calculation of minimal viable densities of animal populations (Soul6 1987) , the detection of overexploitation of populations (Freeland 1990) , and the analysis of the parti tioning of energy use among members of animal communities (see, e.g., Damuth 1981 Damuth , 1987 Peters and Wassenberg 1983; Peters and Raelson 1984; Brown and Maurer 1986; Griffiths 1992) .
The allometry of D, however, has been the subject of an active controversy. Investigations of relationships between D and M for different assemblages of mammal species (Damuth 1981 (Damuth , 1987 Peters and Wassenberg 1983; Peters and Raelson 1984; Robinson and Redford 1986) have found that population density and body mass are inversely related asD« M"075. Global studies of the relation ship between D and M uniformly show that populations of small animals have greater average densities than do populations of larger ones. Studies of relation ships between D and M in individual communities do not always agree with the findings of global allometric studies. Although studies of some marine communi ties (MacPherson 1989; Marquet et al. 1990 ) have found allometric scaling of density similar to that seen in global studies, studies of insect communities (see, e.g., Morse et al. 1988; Blackburn et al. 1990 ) report almost no statistically sig nificant correlation between density and body mass. Therefore, some (Lawton 1989 (Lawton , 1990 Blackburn et al. 1993 ) have criticized global D.M relationships, sug gesting they may be artifactual.
The form of global relationships between D and M is therefore controversial. Some have suggested that global D: M relationships are more appropriately ex pressed as triangular data clouds with an upper limit that declines with increasing mass and a lower limit of zero (Lawton 1989 (Lawton , 1990 ; see Currie 1993 for review). Currie (1993) has disputed this contention, showing that the apparent triangular shape of some D:M relationships in individual communities can result from sam pling artifacts. Studies of insects and birds (Ehler and Hall 1982; Lawton and Brown 1986; Soule" et al. 1988 ) and rare and endangered mammal populations (Silva and Downing 1994) show that the lower bound of D:M relationships is higher for smaller animals, and thus population densities are generally lower for larger animals than for smaller ones. Other authors (Harvey and Pagel 1989; Nee et al. 1991; Cotgreave and Harvey 1992) suggest that D:M relationships also depend on the phylogenetic relatedness of the species included in the analyses.
There is mounting evidence that global D: M relationships may not be simple, declining power functions. Brown and Maurer (1987) have argued that for bird populations, for example, D of small organisms should rise with increased M until some threshold mass is reached, whereupon D should decrease with increas ing M. Currie and Fritz (1993) have suggested that the elevation of D: M relation ships may vary among groups of organisms of different size ranges, which would lead to possible changes in apparent slope of general, intertaxonomic relation ships between D and M. Changes in slope of mammalian D:M relationships might occur for a variety of reasons, including extreme upper limits to population density of small mammals imposed by food limitation (see, e.g., Clutton-Brock and Harvey 1978; Newton 1980; Dobson and Kjelgaard 1985; Martin 1987; Fryxell and Sinclair 1988; Kaji et al. 1988) , extreme lower limits to population density of large mammals imposed by the necessity of mate location (Clutton-Brock and Harvey 1978; Fowler 1981; Flowerdew 1987; Reiss 1989) , and greater sustainable densities of populations of large mammals permitted by low predation, exploita tion of relatively low-quality resources, and domination of interspecific aggression (Bell 1971; Jarman 1974; Gaulin 1979; Emmons 1980; Owen-Smith 1982 Demment and van Soest 1985; Brown and Maurer 1989; Fleming 1991; Fryxell 706 THE AMERICAN NATURALIST 1991) . Simple visual inspection of large assemblages of D and M data (e.g., Damuth 1981 Damuth , 1987 Currie 1993) suggests that D: M relationships may have slopes nearing zero at very low and very high body mass. We therefore predict that the rate of change in D with M may be significantly lower than the postulated D « Af~0-75 for very small and very large mammals.
Much attention has been paid recently to the form of the relationship between population energy use and body mass (see review by Currie and Fritz [1993] ). The form of this relationship depends directly on the rate at which D declines with increasing body mass. The rate of energy use (E) by a population can be calculated as the product of population density and metabolic rate OR). Metabolic rate and body mass are related approximately as R « Af075 (Peters 1983) . If population density is related to body mass as D « M~0-75, as suggested by Damuth (1981 Damuth ( , 1987 , population respiratory energy use would be independent of body mass (E = DR;E<x M"075 • Af075; E « A/0), and population energy use would not be correlated with the body size of population members. This is now known as the energetic equivalence rule.
Debate surrounding the allometry of population density, however, has cast doubt on the accuracy of this rule (Lawton 1989 (Lawton , 1990 Blackburn et al. 1993) . Data compiled by Peters and Raelson (1984) and Currie and Fritz (1993) suggest that small mammals use greater quantities of available resources, while data com piled by Brown and Maurer (1986, 1987) suggest the contrary. Studies of energy use within specific communities have suggested that energy use can be highly inequitable among species (Tokeshi 1990; Pagel et al. 1991) . In a recent study, Blackburn et al. (1993) found that the evidence for the existence of an energetic equivalence rule is equivocal because within many individual assemblages the scaling of abundance on body size may differ significantly from D « A/"075. A better understanding of the relationship between density and body mass in mam mal populations is fundamental to a better comprehension of energy partitioning within and among terrestrial communities.
Several factors other than body mass may influence global patterns in mamma lian population densities. Previous studies have shown that diet and feeding strat egies (Peters and Raelson 1984; Robinson and Redford 1986; Damuth 1987; LaBarbera 1989) and geographical or habitat conditions (Peters and Raelson 1984; Juanes 1986; Currie and Fritz 1993) The controversy surrounding the allometry of population density lends new relevance to a fresh and profound review of the relationship between population density and body mass in terrestrial mammals. The purpose of this research is to analyze the general relationship between mammal population density and body mass and to test the hypotheses that the rate of change in D with M may be significantly lower for very small and very large mammals than the postulated D a AT0-75, density-body mass relationships vary among populations of mammals with different diets and feeding strategies, and mammal populations of different body sizes and diets have rates of respiratory energy use that depart significantly from the predictions of simple allometric analyses.
METHODS
Data were derived from a systematic review of books and journal articles pub lished between 1949 and 1990. One hundred thirty-two journals were reviewed systematically. We were thus able to assemble population density and body mass data on 987 distinct mammalian populations belonging to 14 different orders cov ering the range of body mass from 0.003 to 3,000 kg from a broad variety of habitats (data and references available from the authors). The data set includes 108 populations of mammalian species on the International Union for the Conser vation of Nature Red List (IUCN 1990 ). Approximately 25% of the populations were near to minimum viable levels (Silva and Downing 1994) .
Most previous analyses of D: M relationships have been based on data on D drawn from different populations than those for which M was measured. Such data represent "species averages" (see, e.g., Damuth 1981 Damuth , 1987 Peters and Raelson 1984; Robinson and Redford 1986; cf. Currie and Fritz 1993) . Because populations of the same species inhabiting different environments or living under divergent climatic conditions can have very different densities and body masses, we based our analyses on population studies, not species averages. Population density of a given species can vary by more than three orders of magnitude in different habitats. For example, in the impala (Aepyceros melampus), average population densities vary from 0.02/km2 for a population in Kafue National Park (Dowsett 1966) , which represents marginal impala habitat (Boitoni and Bartoli 1983; Nowak 1991), to 49.7/km2 in a population of impala in the more luxuriant Akagera National Park (Montfort 1972) . Average population densities of Peromyscus maniculatus can range from 20/km2 in shrub deserts (Chew and Chew 1970) to >2,000/km2 in temperate forests (Withney 1976) . Data on more than one population of the same species were therefore included in the analyses, if they were from independent populations.
Only population density data reflecting ecological population densities (num ber/km2), measured within the area actually used by populations (Damuth 1987), were used in our analyses. Crude densities, the numbers of animals occupying some arbitrarily chosen area, were not used, because significant differences have been found between crude and ecological densities (Robinson and Redford 1986; Damuth 1987; Lawton 1989 Lawton , 1990 . Although it is sometimes difficult to estimate the actual area occupied by populations, every effort was made to exclude arbi trarily determined, crude densities from consideration. Very few mammalian com munities have been completely studied (Damuth 1981) . Because of this limitation, mammalian community data used were only those that considered at least five but preferably all populations of mammals in a given area (see Damuth 1981) . Population body mass (kg) was measured as the average adult body mass in each population.
We classified populations into three dietary categories: herbivores, insectivores, and carnivores. Dietary data were obtained from individual population studies or from summary volumes (Eisenberg 1981; Nowak 1991) . Taxonomic analyses were performed by order (Corbet and Hill 1991) . Energy use by differ ent populations (E) was calculated from population densities by multiplying the probable mass-specific respiration rate (R) by the average population biomass 708 THE AMERICAN NATURALIST (D • M). Respiration rates were calculated from body mass using Stahl's (1967) basal metabolic rate equation for mammals (R = 3.89 Af076).
As previous studies have done, data were logarithmically transformed before analysis. The form of the relationship between density and body mass was deter mined using locally weighted sequential smoothing (LOWESS; Cleveland 1979), a model-free method for determining the unbiased form of the relationship be tween two variables (Cleveland and McGill 1985) . We used polynomial regression analysis to test for the statistical significance of nonlinearities indicated by LOWESS. Least-squares linear regression was applied to the most linear legs of D:M and E:M relationships (breakpoints determined by LOWESS), to help in the interpretation of nonlinear trends. Statistical analysis included least-squares regression analysis and ANCOVA to test for significant differences among D:M relationships (Gujarati 1978; Draper and Smith 1981; Neter et al. 1990 ). Dummy variables were used to test for differences among populations belonging to differ ent dietary and body size categories.
RESULTS AND DISCUSSION

Mammalian Population Density
We found mammalian population density and body mass to be negatively corre lated, as suggested by studies based on species-average densities. Our study clearly shows, however, that this log-log relationship is distinctly nonlinear ( fig.  1 A) . Polynomial regression analysis (table 1) shows that the nonlinearity indicated by LOWESS is statistically significant {P < .002). Thus, previous log-linear mod els (Peters and Raelson 1984; Damuth 1987 ) overestimate the population densities of small species and underestimate those of large ones ( fig. IB) .
The LOWESS analyses ( fig. \A, B) suggest that relationships between density and body mass behave differently over the ranges of body mass of 0-0.1 kg, 0.1-100 kg, and 100-3,000 kg. Divergent allometric exponents could therefore result from simple regression analyses over these three ranges of body mass (table  2) . For example, a log-log linear regression analysis of the 224 populations of smallest mammals (Af < 0.1 kg) would result in an allometric exponent that is not significantly different from zero (table 2) . A similar allometric analysis of the 533 mammal populations of intermediate size (0.1 kg < M < 100 kg) results in a negative exponent of -0.7, which is similar to those found by Peters and Raelson (1984) and Damuth (1987) . Simple allometric analysis of the 230 populations of largest mammals (M > 100 kg) would result in the calculation of an exponent that is not significantly different from zero. Analysis of the regression coefficients of a polynomial analysis (table 1) shows that actual exponents of different body size legs of this relationship differ significantly (P < .0001) from those calculated by simple log-log regression. Only 54% of the populations we studied were found within the body mass range that is well described by a D: M relationship with the expected exponent approaching -0.75. Thus, the slopes ofD: M regression analyses depend strongly on the range of body masses of organisms included in the analyses.
Recently, Currie and Fritz (1993) showed that the intercepts but not the slopes Note.-Given here are partial regression coefficients for the statistical effects of the logarithm of the body mass (logi0M), its square, and its cube on the logarithm of population density (log,0£>). Only coefficients significantly differing from zero (P < .03) are shown, n, Number of observations; R2, multiple coefficient of determination. Note.-Least-squares regression analyses within dietary groups are shown. Appropriate breakpoints for linear regression analyses were determined using LOWESS analysis ( figs. 1, 3) . Variable b is the slope of the log,0Z) vs. log,0A/ regression analysis, a is the intercept, n is the sample size, r2 is the coefficient of determination, and P is the probability that the correlation could occur by chance alone. NS, P > .05. of the D: M relationships vary among widely divergent groups of animals (inverte brates, ectothermic vertebrates, mammals, and birds). One might therefore postu late that we found a nonlinear D.M relationship because we analyzed different groups of mammals having log-log linear D:M relationships, with different inter cepts, similar exponents, and partially overlapping ranges of body mass. We therefore performed independent LOWESS analyses for several mammalian or ders and found most to be significantly nonlinear ( fig. 2 ). Low densities of small mammals are inconsistent with most previous allometric mammalian models (Damuth 1981 (Damuth , 1987 Peters and Raelson 1984; Robinson and Redford 1986) . A similar result has recently been predicted independently by Brown et al. (1993) . One reason for this result could be that food may impose an upper limit to the densities of small mammal populations (Clutton-Brock and Harvey 1978; Newton 1980; Dobson and Kjelgaard 1985; Martin 1987; Fryxell and Sinclair 1988; Kaji et al. 1988) , and therefore the extremely high densities projected for smallest mammals by simple allometry may be unrealistically high. Because simple power functions are monotonic, they predict that extremely tiny mammals must have extreme densities. The population density of very small mammals may be limited by the energetic costs associated with living near to the ultimate body size constraints imposed by the energetics of homeothermy.
ALLOMETRY OF POPULATION DENSITY
At the other end of the body size spectrum, large mammals sustain higher densities than simple power-function relationships between D and M predict. This pattern may be due to the combination of several factors. For example, mamma lian reproductive ecology may cause large mammals to maintain population levels that are higher than those projected by simple allometry. Mammalian reproduc-712 THE AMERICAN NATURALIST tion is influenced by density and dispersion (Clutton-Brock and Harvey 1978; Fowler 1981; Flowerdew 1987; Reiss 1989) ; therefore, population persistence can be limited by the ability of animals to find mates. Thus, the largest species may not be able to survive at very low densities. On the other hand, larger mammals may be subject to lower rates of predation, may be more able to exploit lowquality resources, and may dominate in interspecific aggression (Bell 1971; Jarman 1974; Gaulin 1979; Emmons 1980; Demment and van Soest 1985; OwenSmith 1982 OwenSmith , 1988 Brown and Maurer 1989; Fleming 1991; Fryxell 1991) . Larger species of herbivorous mammals may also feed on a broader variety of stages of vegetation, which possibly improves resource partitioning (Lamprey 1963; Leuthold 1978; McNaughton and Georgiadis 1986) . The largest herbivorous mammals may be more efficient at metabolizing energy held in plant cell walls (Parra 1978; van Hoven and Boomker 1985; Baker and Hobbs 1987) ; thus, the largest mam mals may be able to extract more energy from the environment, which permits them to sustain higher densities than simple allometry predicts. Alternatively, large mammals may not have any particular advantage that allows them aug mented population density; those species or populations of extremely large mam mals that may have persisted at extremely low densities may simply have been driven to extinction (see, e.g., Martin 1984 ) and therefore are not found in our modern sample of mammalian densities.
Population density and body mass are related differently in mammals of differ ent trophic groups. Independent LOWESS analyses for herbivores and secondary consumers (lumping carnivores and insectivores) show that herbivores are gener ally more abundant than secondary consumers of equivalent body mass ( fig. 3) . As suggested by Peters and Raelson (1984) and Damuth (1987) , the relationships for different trophic categories differ from each other ( fig. 3 ): densities generally decrease from herbivores to carnivores to insectivores for mammals smaller than 3 kg, and from herbivores to insectivores to carnivores for largest ones. The D:M relationship for herbivorous mammals changes slope at approximately 100 kg ( fig.  3 ). Population densities of small and medium-sized herbivores (M < 100 kg) were related to body mass as A/"075, while large herbivores' densities varied as approximately M~0M (table 2) . The LOWESS analysis and polynomial regression suggest that the D: M relationship for secondary consumers is also nonlinear ( fig.  3 ; table 1). Table 2 suggests that population density may not vary systematically with body mass in small and large predators, while density decreases significantly with increased body mass for medium-sized ones.
The relationship between log D and log M is strongly nonlinear in insectivorous mammals ( fig. 3) . Polynomial regression confirms the nonlinearities indicated by LOWESS (table 1) . Density does not vary systematically with body mass in small insectivorous mammals but is significantly negatively correlated with body mass in large ones (table 2) . Population density scales negatively with body mass in noninsectivorous secondary consumers (table 2; cies averages (i.e., Damuth 1981 Damuth , 1987 Peters and Raelson 1984; Robinson and Redford 1986) , showing that population density varies by four to five orders of magnitude at any given body mass. Although some of this variation seems linked to trophic level ( fig. 3 ) and perhaps to phylogeny (Harvey and Pagel 1991) , this variation is not unexpected because ecologists have long known that population density of a species at a given site varies with time (Pimm and Redfearn 1988; Hanski 1990 ), climatic variation (Hone 1990; Scribner and Warren 1990) , or per turbation (Kirkland 1977 (Kirkland , 1990 Buckner and Shure 1985; Moe et al. 1990 ). Currie (1993) points out that this large variation in density makes it difficult to detect correlations between D and M over short ranges of M. If communities are subject to the same amount of variation as we found in our global search for mammalian density, it would be unlikely that strong D: M correlations could be found among the small number of populations constituting a single community, unless these populations cover a very large (i.e., 1,000-fold) range of body mass.
This prediction is upheld by allometric analyses of D and M data for complete mammalian communities (table 3) . In general, most communities contain animal Note.-Variable b is the slope of the relationship between the logarithm of population density (log10Z>) and the logarithm of the body mass (logj0Af), n is the number of species in the community, r is the Pearson correlation coefficient for the relationship between the log^D pnd logJ0M, and P is the probability that the correlation could occur by chance alone. "Range" is the range of logI0M in each community. populations spanning only a narrow size range, averaging a range of only 1.7 orders of magnitude (table 3) . This is small compared with the global variability in population average body mass seen in figure \A. Communities spanning three or more orders of magnitude in M, however, show strong D:M correlations ( fig.  4) . A similar result has recently been derived independently by Currie (1993) . Our results also suggest that communities composed of populations of predomi nantly small or large body mass should show strikingly different exponents (figs. Our global analysis of population density in terrestrial mammals unifies ob served relationships between population density and body mass in individual mammalian communities with global allometric studies. Community studies show that such relationships may show positive or negative correlations or no correla- tion at all. Simple allometric analyses of global trends have shown uniformly negative relationships, but exponents have varied among data sets and among relationships found in different geographical areas. Our analysis demonstrates that the relationship between log D and log M is nonlinear, with positive or negative legs depending on the range of body mass examined or the types of mammals included in the data. Relationships of D and M in mammalian communi ties may thus take any form, depending on the specific composition of the commu nity, without violating the general, global relationship between population density and body mass.
Energy Use
Our analysis shows that respiratory energy use by mammal populations of different body sizes and trophic levels varies widely ( fig. 6A ). Calculated energy use of mammalian populations is not independent of body mass, as others have postulated ( fig. 65 ), which upholds suggestions of several researchers (see, e.g., Lawton 1989 Lawton , 1990 Blackburn et al. 1993 ) that population energy use can vary greatly among community members. Our refutation of the energy equivalence rule is not sensitive to our choice of respiration function (Stahl 1967; cf. Nagy 1987) Note.-Given here are partial regression coefficients for effects of the logarithm of the body mass (logioA/), its square, and its cube on the logarithm of energy use. Only coefficients significantly differing from zero (P < .01) are shown; n is the number of observations, and R2 is the multiple coefficient of determination.
rule. Energy use appears to increase rapidly with body mass in small mammals, does not vary significantly with body mass between 0.1 and 100 kg, but increases rapidly (« Af065) in mammals larger than 100 kg (table 4; fig. 6B ). Our results therefore only agree with the energy equivalence rule (see, e.g., Damuth 1981 Damuth , 1987 through the body mass range of 0.1-100 kg (table 5). Our analysis suggests that energy use may increase >50% faster with increased body mass in smallbodied mammals than in large ones (table 5) . Similar findings have been described for bird communities (Maurer and Brown 1988) .
The analyses suggest that energy use may increase with body mass below 0.1 kg. That this was not previously perceived is explained by the fact that small mammal densities are lower than predicted by simple allometric analyses. At least two field studies uphold our finding that large mammal populations use the most energy. Du Toit and Owen-Smith (1989) have found that the largest ungulate species use more energy than smaller ones. Griffiths (1987) observed that resource use in tropical savannas was dominated by large mammals.
Herbivores and secondary consumers contrast strikingly in respiratory energy use ( fig. 7) . Herbivorous mammal populations use much more energy than carni vores. Although energy use is constant with body mass in small herbivores, it increases significantly with body mass in secondary consumers (table 5) . Energy use is uncorrelated with body mass in moderately sized herbivores but declines with increasing body mass in comparably sized secondary consumers (table 5) .
In general, figure 7 shows that secondary consumer populations use from onethird to one-twentieth of the energy used by herbivorous populations of equiva lent body mass.
The relationship between respiratory energy use and body mass differs between carnivorous and insectivorous mammals ( fig. 7 ). While energy use increases with body mass in insectivorous mammals, energy use decreases with mass in carnivo rous ones (table 5) . Energy use by populations of insectivores increases very rapidly with increasing body mass in the smallest organisms but increases more Note.-Least-squares regression analyses among dietary groups are shown. Secondary consumers include insectivores and carnivores. Approximate break points for each category were determined using LOWESS analyses. Variable b is the slope of the log,0£ vs. log,0M regression analysis, a is the intercept, n is the sample size, r2 is the coefficient of determination, and P is the probability that the correlation could occur by chance alone. NS, P > .05.
slowly in large ones. Because large insectivores consume more prey than small ones and because insects are limited in body size, large insectivores may use proportionately less of the available resources. Populations of small insectivores use less energy than any other group of mammals, showing some population respiration rates of as low as 16.2 kJ/km2/d. All the individuals in 500 km2 of such an insectivorous population would not even use as much energy as a 100-W lightbulb. Herbivorous populations generally respire about the energy equivalent of a 100-W bulb/km2 («104 kJ/km2/d; fig. 7 with M and trophic level, and thus energy allocation among species, within com munities, should be expected to diverge by several orders of magnitude.
The significant differences in energy use among populations of small and large mammals lend general support to studies suggesting that large mammals dominate energy use in many communities (see, e.g., Brown and Maurer 1986; Griffiths 1987; du Toit and Owen-Smith 1989; Owen-Smith 1989) . Maximum rates of en ergy use in populations of largest mammals are about one order of magnitude greater than those of small ones. Further, the population energy use rate of her bivorous mammals is always greater than that of secondary consumers of similar body mass ( fig. 7 ). This occurs because herbivore population densities are gener ally much greater than those of other mammals. Higher densities may be permit ted because plants are several orders of magnitude more abundant than prey animals in most ecosystems (Elton 1927; Clutton-Brock and Harvey 1978; Ricklefs 1980; Krebs 1985) and have higher rates of productivity. The population energy use of small species (M < 0.1 kg) of herbivores is 10-fold that of secondary 722 THE AMERICAN NATURALIST consumers, while even greater differences exist for larger species. This may indi cate that smaller carnivores have access to more prey or that they monopolize a greater proportion of resources than do larger carnivores. The literature is divided on the energetic implications of group-living predators (see, e.g., Cohen 1969 Cohen , 1972 Kleiman and Eisenberg 1973; Caraco and Wolf 1975; Rodman 1981; Pulliam and Caraco 1984; Earle 1987 ), but our findings might therefore be interpreted to indicate that pack hunting, prevalent in large predators, may be energetically costly. The rapid decline in population energy use rates in large carnivores may also be due to the lower vulnerability of largest herbivores to predation (Brown and Maurer 1986; Owen-Smith 1988) , if large predators tend to eat prey much larger than themselves (Pernetta 1976; Terry 1978; V6zina 1985) .
